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Amendments to the Title: 



Please replace the title with the following: 

MET H OD AND APPARATUS FOR ESTIMATING ROTOR POSITION AND FOR SENSORLESS 
CONTROL OF A SWITC H ED RELUCTANCE MOTOR 

METHOD AND APPARATUS FOR ESTIMATING ROTOR POSITION OF SWITCHED RELUCTANCE 
MOTOR. AND METHOD AND APPARATUS FOR SENSORLESS CONTROL OF SWITCHED 

RELUCTANCE MOTOR 
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Amendments to the Specification: 



Please add the following new paragraph after the title and before the paragraph starting on 
page 1, line 6: 

THIS APPLICATION IS A U.S. NATIONAL PHASE APPLICATION OF PCT INTERNATIONAL 
APPLICATION PCT/JP2002/012412. 
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Amendments to the Claims: This listing of claims will replace all prior versions, and listings, 
of claims in the application 

Listing of Claims: 

1. (Previously Presented) A control method of a switched reluctance motor 
comprising: 

(a) sensing a d.c.-link voltage V dc and a phase current I ph ; 

(b) calculating a flux-linkage A ph of an active phase from the sensed d.c.-link 
voltage V dc and the sensed phase current I ph ; 

(c) comparing the calculated flux-linkage A ph with a reference flux-linkage A r , the 
reference flux-linkage A r related to a reference angle 9 r which lies between angles corresponding 
to aligned rotor, position and non-aligned rotor position in the motor; and 

(d) controlling a turn-off angle 9 0ff of each active phase and a turn-on angle 0 on of 
the next active phase, based on a timing at which the calculated flux-linkage A ph becomes 
greater than the reference flux-linkage A r . 

2. (Previously Presented) A control method of a switched reluctance motor 
comprising: 

(a) calculating an estimated rotor position 8 es t by adding up an incremental rotor 
angle A8 every predetermined control period; 

(b) sensing a d.c.-link voltage V dc and a phase current I ph ; 

(c) calculating a flux-linkage A ph of an active phase from the sensed d.c.-link 
voltage V dc and the sensed phase current I ph ; 

(d) comparing the calculated flux-linkage A ph with a reference flux-linkage A r , the 
reference flux-linkage A r related to a reference angle 0 r which lies between angles corresponding 
to aligned rotor position and non-aligned rotor position in the motor; 

(e) when the calculated flux-linkage A ph becomes greater than the reference flux- 
linkage A r during the active conduction of a phase, performing once the following procedures 
including, 

(aO determining estimated rotor position information 6 ca , which is set at the 
reference angle 8 r related to the flux-linkage A r , or 

(a 2 ) determining estimated rotor position information 6cai from the flux-linkage 
A ph by using either one of a predetermined flux-linkage model or 
inductance model, or 
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(a 3 ) determining estimated rotor position information 8^, by adding a 
correction angle <D to the reference angle 8 r related to the flux-linkage A r ; 
and 

(b) calculating an absolute rotor position 0 abs by adding the estimated rotor 
position information 6 ca i to a stoke angle of the motor, and 

(c) determining and updating the incremental rotor angle A8 by processing 
an error between the absolute rotor position 6 abs and the estimated rotor 
position 8 est through either one of a proportional-integral control and a 
proportional control; and 

(f) controlling a turn-off angle Q off of each active phase and a turn-on angle 8 on of 
the next active phase based on the estimated rotor position 8 es t. 

3. (Previously Presented) A control method of a switched reluctance motor 
comprising: 

(a) sensing a d.c.-link voltage V dc and a phase current I ph ; 

(b) calculating a flux-linkage A ph of an active phase from the sensed d.c.-link 
voltage V dc and the sensed phase current I ph ; 

(c) comparing the calculated flux-linkage A ph with a reference flux-linkage A r/ the 
reference flux-linkage A r related to a reference angle 8 r which lies between angles corresponding 
to aligned rotor position and non-aligned rotor position in the motor; 

(d) when the calculated flux-linkage A ph becomes greater than the reference flux- 
linkage A r during the active conduction of a phase, performing once the following procedures 
including, 

(a) determining estimated rotor position information 8 ca , which is set at 
the reference angle 6 r related to the flux-linkage A r ; 

(b) calculating and updating an incremental rotor angle A0 by using an 
elapsed time from the instant at which the estimated rotor position information 8 ca , in the 
previous cycle is determined; and 

(e) controlling a turn-off angle Q off of each active phase and a turn-on angle 8 on of 
the next phase, based on the incremental rotor angle A6, and the turn-off delay and turn-on 
delay relating to the reference angle 8 r . 

4, (Previously Presented) A control method of a switched reluctance motor 
comprising: 
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(a) sensing a d.c.-link voltage V dc and a phase current I ph ; 

(b) calculating a flux-linkage A ph of an active phase from the sensed d.c.-link 
voltage V dc and the sensed phase current I ph ; 

(c) comparing the calculated flux-linkage A ph with a reference flux-linkage A r/ the 
reference flux-linkage A r related to a reference angle 8 r which lies between angles corresponding 
to aligned rotor position and non-aligned rotor position in the motor; 

(d) when the calculated flux-linkage A ph becomes greater than the reference flux- 
linkage A r during the active conduction of a phase, performing once the following procedures 
including, 

(ai) determining estimated rotor position information 6 ca i from the flux-linkage 

Aph by using either one of a predetermined flux-linkage model and 

inductance model, or 
(a 2 ) determining estimated rotor position information e ca! by adding a 

correction angle <P to the reference angle G r related to the flux-linkage A r ; 

and 

(b) calculating and updating an incremental rotor angle A9 by using an 
elapsed time from the instant at which the estimated rotor position 
information 8 ca i in the previous cycle is determined; and 

(c) correcting a turn-on delay and a turn-off delay which are related to the 
reference angle 0 r based on the estimated rotor position information 8 ca i; 
and 

(e) controlling a turn-off angle 9 0ff of each active phase and a turn-on angle 8 on of 
the next phase, based on the incremental rotor angle A8 f and the corrected turn-off and turn-on 
delays. 



5. (Cancelled) 

6. (Previously Presented) A control method of a switched reluctance motor 
comprising: 

(a) calculating an estimated rotor position 8 es t by adding up an incremental rotor 
angle A8 every predetermined control period; 

(b) sensing a d.c.-link voltage V dc and a phase current I ph ; 

(c) calculating a flux-linkage A ph of an active phase from the sensed d.c.-link 
voltage V dc and the sensed phase current I ph ; 
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(d) comparing the calculated flux-linkage A ph with a plurality of reference flux- 
linkages A m (n=l,..,k), each of the reference flux-linkages A m (n=l,..,k) related to each of 
reference angles 8m (n=l,..,k) which lie between angles corresponding to aligned rotor position 
and non-aligned rotor position in the motor; 

(e) each time the calculated flux-linkage A ph becomes greater than each of the 
reference flux-linkages A m during the active conduction of a phase, performing once the 
following procedures including, 

(aO determining estimated rotor position information e^m (n=l,..,k) which is 

set at the reference angle 8 m related to the flux-linkages A m , or 
(a 2 ) determining estimated rotor position information e caln (n=l,..,k) from the 

flux-linkage A ph by using either one of a predetermined flux-linkage model 

or inductance model, or 
(a 3 ) determining estimated rotor position information 6 ca in (n=l,..,k) by adding 

a correction angle (J> to the reference angle 6m related to the flux-linkages 

A rn ; and 

(b) calculating an absolute rotor position 6 abs by adding the estimated rotor 
position information G caln to a stoke angle of the motor, and 

(c) determining and updating the incremental rotor angle A8 by processing 
an error between the absolute rotor position 8 abs and the estimated rotor 
position 8 es t through either one of a proportional-integral control and a 
proportional control; and 

(f) controlling a turn-off angle 8 0ff of each active phase and a turn-on angle 8 on of 
the next active phase based on the estimated rotor position 8 es t. 

7. (Previously Presented) A control method of a switched reluctance motor 
comprising: 

(a) sensing a d.c.-link voltage V dc and a phase current I ph ; 

(b) calculating a flux-linkage A ph of an active phase from the sensed d.c.-link 
voltage V dc and the sensed phase current I ph ; 

(c) comparing the calculated flux-linkage A ph with a plurality of reference flux- 
linkages A r (n=l,..,k), each of the reference flux-linkages A r (n=l,..,k) related to each of 
reference angles 8 r (n=l,..,k) which lie between angles corresponding to aligned rotor position 
and non-aligned rotor position in the motor; 
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(d) each time the calculated flux-linkage A ph becomes greater than each of the 
reference flux-linkages A m during the active conduction of a phase, performing^ once the 
following procedures including, 

(a) determining estimated rotor position information e ca i n (n=l,..,k) which 
is set at the reference angle e m related to the flux-linkages A m ; 

(b) calculating and updating an incremental rotor angle A9 n (n=l,..,k) by 
using an elapsed time from the instant at which the estimated rotor position information 6cai n in 
the previous cycle is determined; 

(c) when the calculated flux-linkage A ph becomes greater than the 
maximum reference flux-linkage A*, averaging the incremental rotor angles A0 n (n=l,..,k) to 
determine and update an incremental rotor angle A9; and 

(e) controlling a turn-off angle 8 off of each active phase and a turn-on angle 8 on of 
the next phase, based on the incremental rotor angle AG, and turn-off delay and turn-on delay 
related to the reference angle 9 m (n=l,..,k). 

8. (Previously Presented) A control method of a switched reluctance motor 
comprising: 

(a) sensing a d.c.-link voltage V dc and a phase current I ph ; 

(b) calculating a flux-linkage A ph of an active phase from the sensed d.c.-link 
voltage V dc and the sensed phase current I ph ; 

(c) comparing the calculated flux-linkage A ph with a plurality of reference flux- 
linkages A m (n=l,,.,k), each of the reference flux-linkages A m related to each of reference 
angles Gm (n=l,.. / k) which lie between angles corresponding to aligned rotor position and non- 
aligned rotor position in the motor; 

(d) each time the calculated flux-linkage A ph becomes greater than each of the 
reference flux-linkages A rn during the active conduction of a phase, performing once the 
following procedures including, 

(a) determining estimated rotor position information 6 caln (n=l,..,k) from 
the flux-linkage A ph by using either one of a predetermined flux-linkage model and inductance 
model, 

(b) calculating and updating an incremental rotor angle A9 by using an 
elapsed time from the instant at which the estimated rotor position information 9cam in the 
previous cycle is determined, 
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(c) when the calculated flux-linkage A ph becomes greater than the 
maximum reference flux-linkage Ark, averaging the incremental rotor angles A9 n (n=l,..,k) to 
determine and update an incremental rotor angle A9, and 

(d) correcting a turn-on delay and turn-off delay which are related to the 
reference flux-linkages A m/ based on the estimated rotor position information 9 ca j n ; and 

(e) controlling a turn-off angle 9 0 ff of each active phase and a turn-on angle 0 on of 
the next phase, based on the incremental rotor angle A9, and the corrected turn-off and turn-on 
delays. 

9. (Previously Presented) A control method of a switched reluctance motor 
comprising: 

(a) sensing a d.c.-link voltage V dc and a phase current I ph ; 

(b) calculating a flux-linkage A ph of an active phase from the sensed d.c.-link 
voltage V dc and the sensed phase current I ph ; 

(c) comparing the calculated flux-linkage A ph with a plurality of reference flux- 
linkages A m (n=l,..,k), each of the reference flux-linkage A rn (n=l,..,k) related to each of 
reference angles 9m (n=l,..,k) which lie between angles corresponding to aligned rotor position 
and non-aligned rotor position in the motor; 

(d) each time the calculated flux-linkage A ph becomes greater than each of the 
reference flux-linkages A rn during the active conduction of a phase, performing once the 
following procedures including, 

(a) determining estimated rotor position information 9^ (n=l,..,k) by 
adding a correction angle O to the reference angle 9 rn related to the reference flux-linkages Am, 

(b) calculating an incremental rotor angle A9 n (n=l,..,k) by using an 
elapsed time from the instant at which the estimated rotor position information 9cain in the 
previous cycle is determined, and 

(c) when the calculated flux-linkage A ph becomes greater than the 
maximum reference flux-linkage A*, averaging the incremental rotor angles A9 n (n=l,..,k) to 
determine and update an incremental rotor angle A9; 

(e) controlling a turn-off angle 9 0ff of each active phase and a turn-on angle 9 0n of 
the next phase, based on the incremental rotor angle A9, and a turn-off delay and a turn-on 
delay which are determined according to the reference angle 9 rn . 



10. (Cancelled) 
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11. (Cancelled) 

12. (Previously Presented) A control method of a switched reluctance motor 
comprising: 

(a) calculating an estimated rotor position 9 es t by adding up an incremental rotor 
angle A6 every predetermined control period; 

(b) sensing a d.c.-link voltage V dc and a phase current I ph ; 

(c) calculating an estimated current I s from the sensed d.c.-link voltage V dc , the 
sensed phase current I ph/ and a value completely or approximately equal to the minimum value 
of a motor inductance; 

(d) comparing the sensed phase current I ph with the estimated current I s ; and 

(e) controlling a turn-off angle 9 0ff of each active phase and a turn-on angle 0 on of 
the next active phase, based on a timing when an error between the sensed phase current I ph 
and the estimated current I s becomes equal to or less than a predetermined value. 

13. (Previously Presented) A control method of a switched reluctance motor 
comprising: 

(a) calculating an estimated rotor position 9 es t by adding up an incremental rotor 
angle A9 every predetermined control period; 

(b) sensing a d.c.-link voltage V dc and a phase current I ph ; 

(c) calculating an estimated current I s from the sensed d.c.-link voltage V dC/ the 
sensed phase current I ph , and a value completely or approximately equal to the minimum value 
of a motor inductance; 

(d) comparing the sensed phase current I ph with the estimated current I s ; 

(e) when an error between the sensed phase current I ph and the estimated 
current I s becomes equal to or less than a predetermined value, performing once the following 
procedures including, 

(a) determining a rotor position 9 app which is related to the estimated 

current I s in advance, 

(b) calculating an absolute rotor position 0 abs by adding the rotor position 
9 app to a stoke angle of the motor, and 
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(c) determining and updating the incremental rotor angle A0 by 
processing an error between the absolute rotor position 0 abs and the estimated rotor position 0 es t 
through either one of a proportional-integral control and a proportional control; and 

(f) controlling a turn-off angle 0 off of each active phase and a turn-on angle 0 on of 
the next active phase, based on the estimated rotor position 0 es t. 

14. (Previously Presented) A control method of a switched reluctance motor 
comprising: 

(a) sensing a d.c.-link voltage V dc and a phase current I ph ; 

(b) calculating an estimated current I s from the sensed d.c.-link voltage V dc , the 
sensed phase current I ph/ and a value completely or approximately equal to the minimum value 
of the motor inductance; 

(c) comparing the sensed phase current I ph with the estimated current I s ; 

(d) when an error between the sensed phase current I ph and the estimated 
current I s becomes equal to or less than a predetermined value, performing once the following 
procedures including, 

(a) determining a rotor position 0 app which is related to the estimated 

current I s in advance; 

(b) calculating and updating an incremental rotor angle A0 by using an 
elapsed time from the instant at which the rotor position 0 app in the previous cycle is 
determined; and 

(e) controlling a turn-off angle 0 off of each active phase and a turn-on angle 0 on of 
the next active phase, based on the incremental rotor angle A0, and a turn-off delay and a 
turn-on delay which are related to the rotor position 0 app . 

15. (Cancelled) 



16. (Cancelled) 

17. (Cancelled) 



18. (Previously Presented) An apparatus which is controlled in the method according to 
any one of claims 1 to 4, 6 to 9, 12 to 14. 
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19. (Cancelled) 

20. (Cancelled) 
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